We have previously reported on the use of Tutoplast 1 cadaveric pericardium as an alternative material for grafting the tunica albugineal defect after Peyronie's plaque excision with satisfactory results in 11 patients. We now review long-term outcomes in this cohort of men. Eleven patients with signi®cant penile curvature interfering with sexual intercourse were evaluated after at least 12 months of conservative therapy. All patients underwent pre-operative evaluation, including penile duplex Doppler ultrasound studies. Chemically processed and gamma-irradiated pericardium (Biodynamics International, Parsippany, NJ) was used to graft the cavernosal defect after surgical excision of the penile plaque. Three patients simultaneously underwent placement of penile prostheses secondary to documented erection problems identi®ed at duplex Doppler ultrasound evaluation. The long-term postoperative complications and erectile function were evaluated with a mean follow-up of 30 months (range 25 ± 35 months). All patients reported resolution of penile curvature allowing for normal sexual function after a mean follow-up of the ®rst 14 months. Thirty months after placement of cadaveric pericardium, the three prosthetic patients still reported excellent sexual function. For the eight patients who did not undergo placement of a prosthesis, three with small to medium plaque size (`265 cm) continued to do well. The remaining ®ve patients with a large plaque size (b265 cm) did well initially, but later reported dif®culty maintaining erection due to venous leakage, thus they are currently using either a vacuum constriction device or an Actis ring. Three out of these ®ve venous leakage patients had ventral plaques; two had dorsal plaques, one of signi®cant size (465 cm). We conclude that for those patients who do not undergo placement of a prosthesis, a better long-term outcome is observed when the plaque is small to medium in size (`265 cm) and dorsally located. Patients with ventral plaque, extreme curvature, or plaque size b465 cm were more likely to have venoocclusive dysfunction, necessitating further intervention.
Introduction
Peyronie's disease is an idiopathic, localized connective tissue disorder involving the tunica albuginea of the penile corpora. The disease is characterized by the formation of an inelastic scar or plaque, resulting in curvature of the penis secondary to shortening of the involved region of tunica albuginea. The disease affects approximately 0.39 ± 3.2% of the adult male population, usually occurring in patients between 40 and 70 y of age. 1 ± 4 Patients with Peyronie's disease may complain of penile curvature (50 ± 100%), palpable penile plaques (78 ± 100%), painful erection (20 ± 70%), and diminished erectile ability (40%). 4 ± 6 Surgical therapy is indicated in patients who fail to improve with medical or intralesional therapies. The surgical procedures can be divided into three categories: (1) plication or wedge excision to correct the curvature; 5, 7, 8 (2) plaque excision with use of an autograft 9 ± 13 or an inert substance; 14 ± 16 or (3) prosthesis placement with or without excision and grafting or incision of the plaque.
It is mandatory to ensure that the plaque size and penile curvature are stable prior to considering any invasive procedure. Early surgical techniques described excision of a wedge or plication of the contralateral corpora from the curvature in order to straighten the penis. 17 ± 19 Unfortunately, penile shortening is an unwanted result. Recent operations have focused on either incision or excision of the ®brotic plaque itself with replacement by a variety of graft materials. Lue and El-Sakka reported an overall satisfaction of 92% in 112 patients using vein grafts. 20, 21 However, the disadvantages of a vein graft and other autologous grafts include the necessity for a second incision for pre-grafting preparation, postoperative contracture and scarring, and the meticulous preparation necessary to remove fat and other connective tissues. Gore-Tex is thick, hard, easily palpated by patients, and dif®cult to work with during re-operation due to signi®cant ®brosis, therefore it is not an ideal graft material. At our institution, we have reported success with a synthetic material consisting of silicone with Dacron mesh borders. 22 These grafts, however, are no longer available, leading us to search for an alternative.
Human cadaveric pericardium has been previously reported in 11 patients undergoing Peyronie's surgery at our institution, with satisfactory results after a mean follow-up of 14 months. 23 The present study was undertaken to demonstrate the long-term outcomes in this cohort of men.
Materials and methods
Eleven patients with disabling penile curvature interfering with sexual intercourse were evaluated. Average age of the patients was 56.5 AE 7.1 y, with duration of Peyronie's disease being 16 AE 4 months. Measurement of curvature was performed by the same technician pre-and postoperatively using a standardized protractor (Bracco Diagnostics, Princeton, NJ). The average penile bend was 70 AE 14.5 degrees and had remained stable during previous oral andaor intralesional conservative therapy. Preoperative evaluation included history and physical examination, as well as duplex Doppler ultrasound evaluation of the penis using an intracorporal vasoactive agent (Table 1) .
All patients received pre-operative antibiotics (Vancomycin, 1 g i.v., and Levo¯oxacin, 500 mg i.v.) and underwent plaque excision and grafting of the tunical defect with Tutoplast TM processed pericardium under either general or spinal anesthesia. A standard circumcision incision is used with subsequent degloving of the penis. Buck's fascia is entered in most cases just lateral to the urethra, with care taken to dissect the neurovascular bundle free for dorsal plaques and the urethra for ventral plaques. In long, thin dorsal plaques, a midline incision excising the deep dorsal vein is employed in order to directly approach the plaque.
Arti®cial erections are induced prior to plaque excision by placing a tourniquet at the base of the penis and forcibly injecting sterile saline into the corpora cavernosa through a 21 g butter¯y needle. This procedure delineates the severity of the curvature and the plaque dimensions. The plaques are carefully marked and excised sharply in their entirety, taking care to avoid injury to the underlying cavernosal tissue. After soaking in antibiotic saline solution for 10 ± 15 min, the pericardial graft material is then tailored approximately 1 ± 2 mm greater than the size of the tunica albuginea defect. It is secured in place with a running 5-0 prolene suture. More recently, a 5-0 PDS is being used successfully. An arti®cial erection is then recreated to ensure adequate repair. The overlying penile fascia is closed in layers, and a light pressure dressing is applied for 2 days. Patients are continued on prescribed antibiotics for 7 ± 10 days and are instructed to abstain from intercourse for 6 weeks. More recently, patients have been instructed to use a vacuum tumescence device without the constricting ring for 20 min per day, starting at approximately 4 weeks postoperatively.
Three Peyronie's patients were documented to have erectile dysfunction secondary to vascular insuf®ciency detected during pre-operative duplex Doppler ultrasound study. After failed manual modeling over a non-controlled expansion-type in¯atable penile prosthesis via the penoscrotal approach, all three men underwent plaque excision and pericardial grafting over the prosthesis.
Postoperative evaluation included complications, patient satisfaction, erectile function, and duplex Doppler ultrasonography. The post-op follow-up evaluations were divided into two time periods: intermediate (a mean follow-up of 14 months, range 9 ± 19) and long-term (a mean follow-up of 30 months, range 25 ± 35). Table 1 summarizes our intermediate (mean 14 months) and long-term (mean 30 months) results following surgical treatment for Peyronie's disease using processed pericardium to cover the excised Peyronie's plaque.
Results
All patients have had successful sexual intercourse postoperatively after a mean follow-up of 14 months (range 9 ± 19). Nine patients had complete resolution of penile curvature, one patient has a 10 curvature, and one patient's curvature progressed from 10 to 30 at 18 months follow-up. This, however, has not functionally limited his sexual performance in any way. One patient has reported excellent erections and ability to have intercourse, but had diminished glans sensation at 4 months, which had resolved by 7 months. There were no complaints of penile shortening.
Two complications occurred. A 60-y-old male with severe Peyronie's disease and erectile dysfunction was treated with penile prosthesis implantation and unsuccessful manual modeling of the plaque. He then underwent plaque excision and pericardial graft placement. Approximately three weeks postoperatively, he reported post-voided urine dribbling and underwent retrograde urethrogram. He was found to have a left urethro-corporal
Due to concern about retrograde prosthetic infection, he underwent elective explantation of a single in¯atable prosthesis cylinder. He recovered completely and reported at follow-up a rigid, functional, and satisfactory erection. At this time, he does not desire to pursue replacement of his single explanted cylinder. The surgeon noted another patient had a slight bulge over the excised plaque area when the prosthesis was in¯ated. This did not hinder intercourse whatsoever, and the patient had no complaints. Early and forcible cycling of his non-controlled expansion in¯atable prosthesis had occurred in this case.
After a mean follow-up of 30 months, all prosthetic patients still reported excellent sexual function, including the explantation patient. For the eight patients without placement of prosthesis, three with small to medium plaques (`265 cm) continue to do well. The remaining ®ve patients did well initially, but later reported dif®culty maintaining erection due to venous leakage and needed a vacuum constriction device or Actis ring. Three out of these ®ve venous leakage patients had ventral plaques, and two had dorsal plaques, one of signi®cant size (465 cm).
Presently, at approximately 4 weeks postoperatively, we advocate daily vacuum tumescence without a constriction ring for approximately 20 min. We hypothesize that as the host tissues replace the pericardial graft over a periodically expanding penis, it will more closely mimic the normal penile erection response.
Discussion
Plaque excision with placement of autologous or non-autologous grafts has become common in the surgical treatment of Peyronie's disease. Graft materials have ranged from autologous dermal tissues and vein grafts to allografts of processed fascia and synthetic materials. At our institution, we have had previous success with a synthetic material consisting of silicone with Dacron mesh border. 22 The decrease in the availability of Silastic TM material, however, has prompted us to use Tutoplast 1 processed pericardial tissue (Biodynamics International, Parsippany, NJ). 24, 25 This tissue is processed by a strict, qualitycontrolled procedure, which involves thorough cleaning, processing, dehydration, and preservation to minimize antigenic potential and to reduce transmission of infectious diseases. Additional assurance of sterility is achieved with the use of a target of 25 kGy (2.5 Mrads) of gamma radiation, which does not affect the biomechanical properties of this tissue.
Pericardial graft material is re-hydrated prior to use by soaking in 0.9% saline solution for 5 ± 30 min. This material circumvents the need for a second donor incision in harvesting the autologous graft, thus reducing operative time. Moreover, pericardium has multi-directional expansion Ð up to 30% Ð with excellent tensile strength (1080 AE 350 gamm 2 ) and is a relatively thin tissue, with a mean thickness when re-hydrated of 0.45 AE 0.05 mm, making it less cumbersome to handle intra-operatively and allowing for uncomplicated surgical placement. 24, 25 Animal studies demonstrate that processed dura mater and fascia lata grafts over time are broken down enzymatically by post-surgical granulation tissue. 26 This absorption and reformation process commences one to two days after surgery, yet the endpoint is undetermined, possibly lasting weeks to years. Possible factors in¯uencing the time frame include the size of the graft and the intensity of the in¯ammatory response initiated postoperatively. In our rat study, the histological results at four months post-pericardial graft placement revealed a Pericardial graft and Peyronie's disease S Leungwattanakij et al moderate degree of ®brosis, and erectile function was normal. 27 After a mean follow-up of 14 months, all patients reported resolution of penile curvature allowing for normal sexual function, indicating good tissue acceptance. Up to a mean follow-up of 30 months, the three concurrent prosthetic patients still reported excellent sexual function. However, for the eight patients who did not undergo concurrent placement of a prosthesis, three with small to medium plaque size (`265 cm) continued to do well. The remaining ®ve did well initially, but later reported dif®culty maintaining erection due to venous leakage and needed a vacuum constriction device or Actis ring. Interestingly, three out of these ®ve venous leakage patients had ventral plaques, and two had dorsal plaques, one of signi®cant size (465 cm).
We believe the high incidence of venous leakage in this study might be caused either by the high percentage of ventral, large plaques, the extreme curvature of the patients in this series, andaor the ®brotic reaction under the pericardial graft as demonstrated in the rat study. 27 Of particular interest, the prosthesis revision in one patient 1 y after pericardial graft placement with prosthesis insertion revealed complete host tissue re-growth, with no observable pericardial graft. The 5-0 continuous proline suture demarcated the previous incision site. Because of this anticipated complete replacement of the pericardial graft by normal tissues, a long-term absorbable PDS suture is now used in lieu of a permanent suture.
Conclusion
With the advent of effective oral therapies for erectile dysfunction, urologists are seeing more cases of Peyronie's disease. There are a number of surgical options available for the treatment of established Peyronie's disease. The results of this study demonstrate good long-term results with processed pericardial graft, either with or without a penile prosthesis in the surgical management of Peyronie's disease.
We conclude that in patients receiving prostheses, long-term outcomes with pericardial graft replacement can be anticipated. In those patients without placement of a prosthesis, a better long-term outcome was observed in patients with small to medium, dorsally located plaques. Patients with ventral plaque, extreme curvature, or plaque size b465 cm were more likely to have veno-occlusive dysfunction, necessitating further interventions.
